r. 

\ 



• I 



DPO-0008 

» APPLICATION FOR UNITED STATES LETTERS PATENT 



INVENTORS: Sang-woo KIM and Jung-sam KIM 



TITLE: METHOD AND APPARATUS TO CHARGE A PLURALITY 

OF BATTERIES 



ATTORNEYS: FLESHNER & KIM, LLP 

CUSTOMER NO. 34610 



DOCKET NO.: DPO-0008 



METHOD AND APPARATUS TO CHARGE 
A PLURALITY OF BATTERIES 



DPO-0008 



[0001] This application claims priority from Korean Patent Application No. 2002- 
76010, filed December 2, 2002, the subject matter of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] Embodiments of the present invention relate to a method for charging a 
plurality of batteries. More particularly, embodiments of the present invention relate to a 
method for charging a plurality of batteries based on charging voltage/current 
characteristics and in which charging operations among the batteries are alternatively 
repeated. 

2. Background of Related Art 

[0003] FIG. 1 shows a configuration and methodology for charging batteries 
according to an example arrangement. A power supplying unit (AC/DC Adapter) 10 is 
connected with a constant voltage/constant current circuit 11 such that a voltage and a 
current input to the power supplying unit 10 are converted into a constant voltage and a 
constant current with constant DC levels. The constant voltage and the constant current 
converted in the constant voltage/constant current circuit 11 are input to a first battery 
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16 and a second battery 17 selectively through a first switching device 12 and a second 
switching device 13, thereby charging the first and second batteries. The voltages and 
currents output from the first switching device 12 and the second switching device 13 are 
supplied to the constant voltage/constant current circuit 11 through a voltage current 
feedback circuit 15. The constant voltage/constant current circuit 11, the first switching 
device 12 and the second switching device 13 are controlled by a microcomputer control 
circuit 14. 

[0004] FIG. 2 shows a procedure of charging the batteries using with the 
microcomputer control circuit 14. In FIG. 2, the horizontal axis X represents a charging 
time of a battery, and the vertical axis Y represents voltage and current of a battery. 

[0005] The charging time intervals t0~t2 are charging regions of the first battery. 
The intervals t0~tl are constant current regions and the intervals tl~t2 are constant 
voltage regions of the first battery. In the intervals, a first charging voltage and a first 
charging current are provided at the same time. 

[0006] The charging time intervals t2~t4 are charging regions of the second 
battery. The intervals t2~t3 are constant current regions and the intervals t3~t4 are 
constant voltage regions of the second battery. In the intervals, a second charging voltage 
and a second charging current are provided at the same time. 

[0007] The microcomputer control circuit 14 controls the constant 
voltage/constant current circuit 11 and the first switching device 12 so that the first 
battery 16 can be charged during the intervals t0~t2 and the second battery 17 is not 
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t charged during charging of the first battery 16 (based on operations of the second 

switching device 13). 

t 

[0008] After the charging operation of the first battery 16 is complete, the 
microcomputer control circuit 14 controls the constant voltage/constant current circuit 
11 and the second switching device 13 so that the second battery 17 can be charged 
during the intervals t2~t4 and so that the first battery is not charged during charging of 
the second battery 17 (based on operations of the first switching device 12). Charging of 
the second battery 17 may also be performed prior to charging the first battery 16. 

[0009] As discussed above, a plurality of batteries are charged such that all the 
charging of the first battery is completely performed and then charging of the second 
battery starts. On the other hand, all the charging of the second battery may be 
completely performed and then charging of the first battery starts. In other words, the 
above described methodology sequentially charges the multiple batteries. Therefore, the 
available current supplied from an adapter of the power supplying unit 10 may be not 
efficiendy used so that the charging time is delayed. This may be a problem. 

[0010] FIG. 3 shows a configuration and methodology for charging batteries 
according to an example arrangement. More specifically, FIG. 3 shows that a power 
supplying unit (AC/DC Adapter) 20 is connected to a first constant voltage/constant 
current circuit 21 and a second constant voltage/constant current circuit 22 where a 
voltage and a current input to the power supplying unit 20 is converted into a constant 
voltage and a constant current with constant DC levels. The constant voltage and the 
constant current converted with the first constant voltage/constant current circuit 21 and 
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the second constant voltage/constant current circuit 22 are input to the first battery 28 
and the second battery 29 through a first switching device 23 and a second switching 
device 24, respectively, thereby charging the first battery 28 and the second battery 29. 
The voltage and current output from the first switching device 23 and the second 
switching device 24 are supplied to a first constant voltage/constant current circuit 21 
and a second constant voltage/constant current circuit 22 through a first voltage current 
feedback circuit 25 and a second voltage current feedback circuit 26, respectively. 

[0011] The first constant voltage/constant current circuit 21, the second constant 
voltage/ constant current circuit 22, the first switching device 22 and the second switching 
device 23 are controlled by a microcomputer control circuit 27. 

[0012] FIG. 4 shows a procedure of charging the batteries using the 
microcomputer control circuit 27. In FIG. 4, the horizontal axis X represents a charging 
time of a battery, and the vertical axis Y represents voltage and current of a battery. 

[0013] The charging time intervals t0~t4 are charging regions of the first battery. 
The intervals t0~tl are constant current regions where a first charging voltage and a first 
charging current are provided at the same time. The intervals tl~t4 are constant voltage 
regions of the first battery. 

[0014] The charging time intervals t2~t4 are charging regions of the second 
battery. The intervals t2~t3 are constant current regions and the intervals t3~t4 are 
constant voltage regions of the second battery. The intervals tl~t3 are second charging 
voltage regions and the intervals t3~t4 are second charging current regions of the second 
battery. 
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M [0015] The microcomputer control circuit 27 controls the first constant 

voltage/constant current circuit 21 and the first switching device 23 to charge the first 
battery 28. The microcomputer control circuit 27 senses that the charging current starts 
to drop at a cross-over time (i.e., the intervals tl~t2 when the charging operation of the 
first battery 28 changes from constant current to constant voltage). Then, the 
microcomputer control circuit 27 controls the first constant voltage/constant current 
circuit 21 and the first switching device 23 to keep the first battery 28 charged. At the 
same time, the microcomputer control circuit 27 controls the second constant 
voltage/constant current circuit 22 and the second switching device 24 so that charging 
of the second battery 29 can start. In other words, the control circuit 27 controls the first 
switching device 23 to keep the first battery 28 charged during charging of the second 
battery 29. 

[0016] Therefore, even though charging of the first battery 28 starts before 
charging of the second battery 29, charging operations of both batteries can be completed 
substantially at the same time. 

[0017] The microcomputer control circuit 27 may sense that the charging current 
starts to drop at the cross-over time (i.e., the intervals tl~t2 when charging operations of 
the first battery 28 changes from constant current to constant voltage). At the same time, 
the first battery 28 is continuously charged and charging of the second battery 29 starts 
using the reduced charging current of the first battery 28. The current of the second 
battery 29 is reduced from the constant current, and at the time of the charging voltage 
changed into the constant voltage, the whole charging current starts to be reduced. Then, 
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^ r in a predetermined time interval, the charging operations of the first battery 28 and the 

second battery 29 are completed. However, there is a problem that the first battery still 

ir 

has a long charging time. 

SUMMARY OF THE INVENTION 

[0018] An object of the invention is to solve at least the above problems and/or 
disadvantages and to provide at least the advantages described hereinafter. 

[0019] Embodiments of the present invention may provide a method for 
charging multiple batteries with a minimized charging time. An under-charged first 
battery may be checked in voltage and current during charging of multiple batteries (in a 
mobile communication terminal). When the checked voltage and checked current of the 
first battery becomes a reference voltage and reference current, then the charging 
operation of the first battery is temporarily stopped, and charging of a second battery 
proceeds. When the voltage and current of the second battery becomes the reference 
voltage and reference current, then charging operations of the second battery is 
temporarily stopped and charging of the first battery again proceeds. The voltages and 
currents of the multiple batteries are checked and the charging operations among the 
multiple batteries are repeatedly performed, thereby complementarily charging the 
multiple batteries. This makes it possible to shorten the charging time. 

[0020] Embodiments of the present invention may include a charge starting 
operation wherein a charging apparatus is power-supplied to charge the multiple batteries. 
Battery mount checking operations may check whether the multiple batteries are mounted 
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at corresponding positions on the charging apparatus. A charging voltage/current 
characteristic identifying operation may identify charging voltage/current operation 
characteristics of the mounted under-charged batteries. A first battery-cross-over charging 
operation may charge a predetermined first battery according to results of the battery 
mount checking operation and charging voltage/current operation characteristics and 
charging of the second battery may stop. In a second battery-cross-over charging 
operation, the charging operation of the under-charged first battery may be temporarily 
stopped in a first predetermined time interval according to a first charging 
voltage/current characteristic of the under-charged first battery during the first battery- 
cross-over charging operation and charging operation of the second battery proceeds. In 
a third battery-cross-over charging operation, the charging operation of the under- 
charged second battery may be temporarily stopped in a second predetermined time 
interval according to a charging voltage/current characteristic of the under-charged 
second battery during the second battery-cross-over charging operation and charging 
operation of the first battery resumes. In a fourth battery-cross-over charging operation, 
the charging operation of the under-charged first battery may be temporarily stopped in a 
third predetermined time interval according to a second charging voltage/current 
characteristic of the under-charged first battery during the third battery-cross-over 
charging operation and charging operation of the second battery may be resumed. In a 
battery charging completion operation, the charging operation of the under-charged first 
or second battery is completed according to full charging voltage/ current characteristics 
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of the under-charged first or second battery provided with the operations of the third and 
fourth battery-cross-over charging operations. 

[0021] The charging voltage/current characteristics may have a voltage gradient 
or a current gradient according to a charging voltage/current of a battery. 

[0022] When the voltage of the battery gradually rises, the current may go to a 
constant current and then the current gradient may go to substantially zero. Thereby, the 
voltage of the battery having a predetermined gradient, and when the battery is charged 
by some degree of charging, the current may drop, the current gradient may have a 
negative value and then the battery may have a constant voltage zone, such that the 
voltage of the voltage gradient becomes substantially zero. 

[0023] In the first charging voltage/current characteristic, the voltage gradient 
may be more than zero, the charging voltage may have a reference of approximately 4.0V 
and the charging current may have references of approximately 100mA and 
approximately 200mA. In the second charging voltage/current characteristic, the voltage 
gradient may be more than zero, the charging voltage may have a reference of 
approximately 4.2V and the charging current may have references of approximately 
100mA and approximately 200mA. 

[0024] In the first battery charging operation, the voltage gradient of the under- 
charged first battery may be more than zero and the charging voltage of the under- 
charged first battery is not more than approximately 4.0V. If the voltage gradient is not 
more than zero and the charging current is not more than approximately 100mA and not 
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less than approximately 200mA, then the first battery may be charged and the second 
battery may not be charged. 

[0025] In the second battery-cross-over charging operation, the voltage gradient 
of the under-charged second battery may be more than zero and the charging voltage of 
the under-charged second battery may be not more than approximately 4.0V. If the 
voltage gradient is not more than zero and the charging current is not more than 
approximately 100mA and not less than approximately 200mA, then the second battery 
may be charged and the first battery may not be charged. 

[0026] In the first battery recharging operation, the voltage gradient of the under- 
recharged first battery may be more than zero and the charging voltage of the under- 
recharged first battery may be less than approximately 4.2V. If the voltage gradient is not 
more than zero and the charging current is not less than approximately 200mA, then the 
first battery may be charged and the second battery may not be charged. 

[0027] In the second battery-cross-over recharging operation, the voltage gradient 
of the under-recharged second battery may be more than zero and the charging voltage 
of the under-recharged second battery may not be less than approximately 4.2V If the 
voltage gradient is not more than zero and the charging current is not less than 
approximately 200mA, then the second battery may be charged and the first battery may 
not be charged. 

[0028] In the charging completion operation, if the voltage gradient of the under- 
recharged first or second battery is not more than zero and the charging current is less 
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than approximately 200mA and not more than approximately 100mA, then charging 
operations may be completed. 

[0029] Embodiments of the present invention may include a voltage reference 
charging operation wherein after charging of a first battery with a constant current is 
started, if a voltage of the first battery becomes more than a reference voltage, then 
charging of the first battery is stopped. After charging of a second battery with the 
constant current is started, if a voltage of the second battery becomes more than the 
reference voltage, then charging of the second battery is stopped. In a current reference 
charging operation, after charging of the first battery is resumed, if a charging current is 
not more than a reference current, then charging of the first battery is stopped, and after 
charging of the second battery is resumed, if the charging current is not more than the 
reference current, then charging of the second battery is stopped. In a charging 
completion operation, after charging of the first battery is resumed, if the charging 
current is not more than a limit current indicating a state of full charging, then charging 
of the first battery is stopped, and after charging of the second battery is resumed, if the 
charging current is not more than the limit current indicating the state of full charging, 
then charging of the second battery is stopped. 

[0030] The reference voltage may be set to be from approximately 70% to 
approximately 80% of a full charging voltage. The reference current may be set to be a 
current at the time of approximately 80% of the state of full charging. The limit current 
may be set to be a current at the time of approximately 95% of the state of full charging 
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[0031] Embodiments of the present invention may include a voltage reference 
charging operation wherein until a charging voltage of an under-charged battery becomes 
a reference voltage, charging of a first battery with a constant current continues during a 
first predetermined time interval and then is stopped. Charging of a second battery with a 
constant current continues during a second predetermined time interval and then is 
stopped. Charging operations of a third battery and a fourth battery with a constant 
current continue during third and fourth predetermined time intervals, respectively, and 
then are stopped. Charging of the first battery may be resumed, and the series of 
charging may be repeated thereby the charging up to the voltage reference is performed 
to alternatively charge the multiple batteries until charging voltages of the multiple 
batteries become the reference voltages. 

[0032] In a current reference charging operation, after charging of the first . 
battery is resumed, if a charging current is not more than a reference current, then 
charging of the first battery is stopped. After charging of the second battery is resumed, 
if the charging current is not more than the reference current, charging of the second 
battery is stopped. The same charging process for the third and fourth batteries is carried 
out. In a charging completion operation, after charging of the first battery is resumed, if 
the charging current is not more than a limit current indicating a state of full charging, 
then charging of the first battery is stopped. After charging of the second battery is 
resumed, if the charging current is not more than the limit current indicating the state of 
full charging, then charging of the second battery is stopped. The same charging process 
for the third and fourth batteries is carried out. 
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[0033] The reference voltage may be set to be from approximately 70% to 
approximately 80% of a full charging voltage. The reference current may be set to be a 
current at the time of approximately 80% of the state of full charging. The limit current 
may be set to be a current at the time of approximately 95% of the state of fall charging. 

[0034] Additional advantages, objects, features and embodiments of the invention 
will be set forth in part in the description that follows and in part will become apparent to 
those having ordinary skill in the art upon examination of the following or may be 
learned from practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The above and other objects, advantages, features and embodiments of the 
present invention will become apparent from the following drawings, in which like 
reference numerals represent like elements and wherein: 

[0036] FIG. 1 is a block diagram illustrating a battery charging operation 
according to an example arrangement; 

[0037] FIG. 2 is a graph showing voltage /current versus time according to an 
example arrangement; 

[0038] FIG. 3 is a block diagram illustrating a battery charging operation 
according to an example arrangement; 

[0039] FIG. 4 is a graph showing voltage/current versus time according to an 
example arrangement; 

[0040] FIG. 5 is a block diagram illustrating a battery charging method according 
to an example embodiment of the present invention; 
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[0041] FIGS. 6a and 6b are graphs illustrating voltage/ current cross-over charging 
characteristics of multiple batteries according to an example embodiment of the present 
invention; 

[0042] FIG. 7 is a graph illustrating a voltage/current versus time characteristic 
according to an example embodiment of the present invention; and 

[0043] FIGS. 8a and 8b are flow charts illustrating charging operations according 
to an example embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0044] FIG. 5 is a block diagram illustrating a battery charging circuit according to 
an example embodiment of the present invention. Other embodiments and 
configurations are also within the scope of the present invention. As shown, a power 
supplying unit (AC/DC adapter) 50 is connected to a first constant voltage/constant 
current circuit 51 and a second constant voltage/constant current circuit 52. A voltage 
and a current input to the power supplying unit 50 are converted into a constant voltage 
and a constant current having a constant DC level. The constant voltage and the 
constant current generated in (or output from) the first constant voltage/constant current 
circuit 51 and the second constant voltage/constant current circuit 52 are input to a first 
battery 55 and a second battery 56, respectively. The first constant voltage/constant 
current circuit 51 and the second constant voltage/constant current circuit 52 are 
controlled by a microcomputer control circuit 53. Additionally, light emitting diodes 
LED1 and LED2 are connected to the control circuit 53 to display charging procedures. 
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[0045] FIGS. 6a-6b show charging procedures of the batteries using the 
microcomputer control circuit 53 according to an example embodiment of the present 
invention. More specifically, FIG. 6a is a graph illustrating charging procedures of the 
first battery 55 and FIG. 6b is a view illustrating charging procedures of the second 
battery 56. In both FIG. 6a and FIG. 6b, the horizontal axis X represents a charging time, 
and the vertical axis Y represents voltage and current of a battery. 

[0046] In FIG. 6a, charging time intervals t0~tl and t2~t3 of the first battery 55 
are constant current regions (i.e., a first charging current region) of the first battery, 
charging time intervals t4~t5 and t6~t7 are constant voltage regions (i.e., a first charging 
voltage region) of the first battery, and charging time interval t7 is a charging completion 
time of the first battery. 

[0047] In FIG. 6b, charging time intervals tl~t2 and t3~t4 of the second battery 
56 are constant current regions (i.e., a second charging current region) of the second 
battery, charging time intervals t5~t6 and t7~t8 are constant voltage regions (i.e., a 
second charging voltage region) of the second battery, and charging time interval t8 is a 
charging completion time of the second battery. 

[0048] The microcomputer control circuit 53 turns ON the first constant 
voltage/constant current circuit 51 to charge the first battery 55 at an allowable maximum 
constant current. The second battery is not charged at this time. 

[0049] After charging of the first battery 55 starts, if the voltage value of the first 
battery rises to a predetermined voltage value (e.g., approximately 70% to approximately 
80% of the full charging voltage) at the time tl, the first constant voltage/constant 
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current circuit 51 is turned OFF to stop charging the first battery 55, and the second 
constant voltage/constant current circuit 52 is turned ON to start charging the second 
battery 56. 

[0050] After charging of the second battery 56 starts, if the voltage value of the 
second battery rises up to a predetermined voltage value (e.g., approximately 70% to 
approximately 80% of the full charging voltage) at the time t2, the second constant 
voltage/constant current circuit 52 is turned OFF to stop charging the second battery 56, 
and the first constant voltage/constant current circuit 51 is turned ON to start recharging 
the first battery 55. 

[0051] After recharging of the first battery 55 starts, if the voltage value of the 
first battery rises up to a predetermined voltage value (e.g., approximately 80% to 
approximately 95% of the full charging voltage) at the time t3, the first constant 
voltage/constant current circuit 51 is turned OFF to stop charging the first battery 55, 
and the second constant voltage/constant current circuit 52 is turned ON to start 
recharging the second battery 56. 

[0052] After recharging of the second battery 56 starts, if the voltage value of the 
second battery rises up to a predetermined voltage value (e.g., approximately 80% to 
approximately 95% of the full charging voltage) at the time t4, the second constant 
voltage/ constant current circuit 52 is turned OFF to stop charging the second battery 56, 
and the first constant voltage/constant current circuit 51 is turned ON to start recharging 
the first battery 55. During the charging procedure of the first battery 55, if the charging 
voltage rises to approximately 100%, then a reduction of current starts. The more closely 
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the charging capacity rises toward 100%, the more the charging current is gradually 
reduced. 

[0053] When the first battery 55 is charged to have substantially a full charging 
voltage, a check is made whether the charging current becomes a constant charging state, 
(e.g, approximately 80% to 90% charging state or 100% charging state) in a 
predetermined time after the charging current starts to be reduced. Then, at the time t5, 
charging of the first battery is stopped, and recharging of the second battery starts. In 
this case, the method of checking the charging state is performed by checking and 
calculating battery capacity, charging voltage and charging current, as will be described 
below. 

[0054] The second battery may be checked with a similar methodology. If the 
charging state of the second battery approaches a constant level, then at the time t6, 
charging for the second battery is stopped, and recharging of the first battery is started. 
A determination is made whether the charging state of the first battery approaches a full 
charging state or not. If the second battery is in the full charging state, then at the time t8 
the charging operation is stopped, and an indication of a full charging of the second 
battery is displayed on a LED 2. 

[0055] A methodology of the first battery 55 and the second battery 56 being 
alternatively charged with maximum currents is described above. This methodology may 
also be performed in divided steps. That is, embodiments of the present invention may 
be performed in a manner such that charging with a maximum charging current may be 
carried out once and charging under the state of the reduced charging current may be 



16 



DPO-0008 

divided into several steps. Further, when the charging current for the previously charged 
battery (i.e., the first battery) is reduced, then charging of the first battery may not be 
stopped while the second battery is charged. In other words, if the sum of the charging 
currents of the first battery 55 and the second battery 56 is less than a maximum 
allowable current, then the first battery 55 and the second battery 56 may be charged at 
the same time. FIG. 7 shows a curve of voltage/current versus time characteristics for 
the first battery 55 and the second battery 56. The curve may have a voltage gradient or 
current gradient depending on the voltage /current states of the under-charged battery. 

[0056] In other words, in the first region the voltage of the battery is gradually 
rising, charging with a constant current is performed, the current gradient substantially 
becomes zero, and the battery has a predetermined positive voltage. When the battery is 
charged to some degree, the charging current starts to be reduced as shown in the second 
region. Then, the charging current has a negative gradient, and voltage of the battery has 
a region of constant voltage with a voltage gradient of substantially zero. 

[0057] Therefore, if the voltages and currents of the first battery 55 and the 
second battery 56 are checked, a state of the charging of current and voltage of the 
corresponding battery can be obtained. 

[0058] FIGS. 8a and 8b are flow charts illustrating charging operations according 
to an example embodiment of the present invention. Other operations, orders of 
operations and embodiments are also within the scope of the present invention. When 
power is supplied to the battery charging apparatus with the power supplying unit, a 
charging operation is started (801). In the first battery mount determination (803), it is 
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determined whether the first battery is mounted in order to check the first battery 
mounted (802). If the result of the first battery mount determination (803) is that the 
first battery is mounted, it is then determined whether the second battery is mounted in a 
second battery mount determination (804). 

[0059] If the result of the second battery mount determination (804) is that the 
second battery is not mounted, then the first battery is charged (805). If the result of the 
first battery mount determination (803) is that the first battery has not yet been mounted, 
then a determination is made whether the second battery is mounted in a second battery 
mount determination (806). 

[0060] If the result of the second battery mount determination (806) is that the 
second battery is not mounted, then the procedure returns to the battery mounting check 
(802). If the result of the second battery mount determination (806) is that the second 
battery is mounted, then the mounted second battery is charged (807). 

[0061] If the result of the second battery mount determination (804) is that the 
second battery is mounted, then a first battery cross-over charging (808) proceeds to turn 
ON charging of the first battery during a predetermined time interval and to turn OFF 
the second battery. 

[0062] After the first battery cross-over charging (808) proceeds, it is determined 
whether the voltage gradient is more than zero in a voltage gradient determination (809) 
in order to check the voltage gradient of the under-charged first battery. 

[0063] If the result of the voltage gradient determination (809) is that the voltage 
gradient of the first battery is not more than zero, then a determination is made in a 
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charging current determination (811) whether the charging current is more than a first 
reference current (e.g., 100mA). 

[0064] If the result of the charging current determination (811) is that the 
charging current is not more than 100mA, then charging of the first battery is completed 
(812). If the result of the charging current determination (811) is that the charging 
current is more than 100mA, then a determination is made in a next charging current 
determination (813) whether the charging current of the first battery is more than a 
second reference current (e.g., 200mA). 

[0065] If the result of the charging current determination (813) is that the 
charging current is not less than 200mA, then the first battery cross-over charging (808) 
turns ON the charging of the first battery and turns OFF the charging of the second 
battery during a predetermined time interval. If the result of the charging current 
determination (813) is that the charging current is less than 200mA, then a second battery 
cross-over charging (814) proceeds to turn OFF the charging of the first battery and to 
turn ON the charging of the second battery during a predetermined time interval. 

[0066] If the result of the voltage gradient determination (809) is that the voltage 
gradient is more than zero, then it is determined in a charging voltage determination (810) 
whether the charging voltage of the first battery is more than the first reference voltage 
(e.g., 4.0V). If the result of the charging voltage determination (810) is that the charging 
voltage is not more than 4.0V, then the first battery cross-over charging (808) proceeds to 
turn ON the charging of the first battery and to turn OFF the second battery in a 
predetermined time interval. If the result of the charging voltage determination (810) is 
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that the charging voltage is more than 4.0V, then the second battery cross-over charging 
(814) proceeds to turn OFF the charging of the first battery and to turn ON the second 
battery in a predetermined time interval. 

[0067] After the second battery cross-over charging (814), a determination is 
made in a voltage gradient determination (815) whether the voltage gradient of the 
second battery is greater than zero. 

[0068] If the result of the voltage gradient determination (815) is that the voltage 
gradient of the second battery is not more than zero, then a determination is made in a 
charging current determination (816) of the second battery whether the charging current 
is more than 100mA. 

[0069] If the result of the charging current determination (816) is that the 
charging current is not more than 100mA, then the charging of the second battery is 
completed. If the result of the charging current determination (816) is that the charging 
current is more than 100mA, then a determination is made in a next charging current 
determination (818) whether the charging current of the second battery is more than 
200mA. 

[0070] If the result of the charging current determination (818) is that the 
charging current is not less than 200mA, then the second battery cross-over charging 
(814) proceeds to turn OFF the charging of the first battery and to turn ON the charging 
of the second battery in a predetermined time interval. If the result of the charging 
current determination (818) is that the charging current is less than 200mA, then a third 
battery cross-over charging (820) proceeds to turn ON the charging of the first battery 
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again and to turn OFF the charging of the second battery in a predetermined time 
interval. 

[0071] If the result of the voltage gradient determination (815) is that the voltage 
gradient of the second battery is more than zero, then a determination is made in a 
charging voltage determination (819) whether the charging voltage is more than 4.0 V. If 
the result of the charging voltage determination (819) is that the charging voltage is not 
more than 4.0 V, then the second battery cross-over charging (814) proceeds to turn OFF 
the charging of the first battery and to turn ON the charging of the second battery in a 
predetermined time interval. If the result of the charging voltage determination (819) is 
that the charging voltage is more than 4.0 V, then the third battery cross-over charging 
(820) proceeds to turn ON the charging of the first battery and to turn OFF the charging 
of the second battery in a predetermined time interval. 

[0072] After the third battery cross-over recharging (820) proceeds, a 
determination is made in a voltage gradient determination (821) whether the voltage 
gradient of the under-recharged first battery is more than zero in order to again check the 
voltage gradient of the first battery. 

[0073] If the result of the voltage gradient determination (821) is that the voltage 
gradient is more than zero, then a determination is made in a charging voltage 
determination (822) whether the charging voltage of the under-recharged battery is more 
than a second reference voltage (e.g., 4.2V). If the result of the charging voltage 
determination (822) is that the charging voltage is not less than 4.2 V, then the second 
battery cross-over charging (814) proceeds to turn ON the charging of the first battery 



21 



DPO-0008 

and to turn OFF the charging of the second battery in a predetermined time interval. If 
the result of the charging voltage determination (822) is that the charging voltage of the 
under-recharged first battery is less than 4.2 V, the third battery cross-over recharging 
(820) proceeds to turn ON recharging of the first battery and to turn OFF the charging 
of the second battery in a predetermined time interval. 

[0074] If the result of the voltage gradient determination (821) is that the voltage 
gradient of the under-recharged first battery is not more than zero, then a determination 
is made in a charging current determination (823) whether the charging current of the 
under-recharged first battery is more than 200mA. 

[0075] If the result of the charging current determination (823) is that the 
charging current is not less than 200mA, then the third battery cross-over recharging 
(820) proceeds to turn ON the recharging of the first battery and to turn OFF the 
charging of the second battery in a predetermined time interval. If the result of the 
charging current determination (823) is that the charging current is less than 200mA, then 
a determination is made in a charging current determination (824) whether the charging 
current of the under-recharged first battery is more than 100mA. 

[0076] If the result of the charging current determination (824) is that the 
charging current is not more than 100mA, then the recharging of the first battery is 
completed. If the result of the charging current determination (824) is that the charging 
current is more than 100mA, then a fourth battery cross-over recharging (826) proceeds 
to turn OFF the charging of the first battery and to turn ON the charging of the second 
battery again in a predetermined time interval. 
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[0077] After the fourth battery cross-over recharging (826) proceeds, a 
determination is made in a voltage gradient determination (827) whether the voltage 
gradient of the under-recharged second battery is greater than zero in order to check the 
voltage gradient of the under-recharged second battery. 

[0078] If the result of the voltage gradient determination (827) is that the voltage 
gradient of the under-recharged second battery is more than zero, a determination is 
made in a charging voltage determination (828) whether the charging voltage of the 
under-charged second battery is more than 4.2 V. If the result of the charging voltage 
determination (828) is that the charging voltage is not less than 4.2 V, then the fourth 
battery cross-over recharging (826) proceeds to turn OFF the charging of the first battery 
and to turn ON the charging of the under-recharged second battery in a predetermined 
time interval. If the result of the charging voltage determination (828) is that the charging 
voltage of the under-recharged second battery is less than 4.2 V, then the third battery 
cross-over recharging (820) proceeds to turn ON the charging of the first battery and to 
turn OFF the charging of the second battery in a predetermined time interval. 

[0079] If the result of the voltage gradient determination (827) is that the voltage 
gradient of the under-recharged second battery is not more than zero, then a 
determination is made in the charging current determination (829) whether the charging 
current of the under-recharged second battery is more than 200mA. 

[0080] If the result of the charging current determination (829) is that the 
charging current is not less than 200mA, then the fourth battery cross-over charging (826) 
proceeds to turn OFF charging of the first battery and to turn ON charging of the 
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second battery in a predetermined time interval. If the result of the charging current 
determination (829) is that the charging current of the under-recharged second battery is 
less than 200mA, then the charging current determination (830) proceeds to determine 
whether the charging current is more than 100mA. 

[0081] If the charging current determination (830) is that the charging current is 
more than 100mA, the third battery cross-over recharging (820) proceeds to turn ON 
charging of the first battery and to turn OFF charging of the second battery in a 
predetermined time interval. If the result of the charging current determination (830) is 
that the charging current is not more than 100mA, then charging of the second battery is 
complete (831). 

[0082] The reference currents and voltages described herein are illustrated only 
for providing examples. The values of the reference currents and voltages depend on the 
capacities and voltage/ current characteristics of the battery to be charged. Therefore, the 
values may be chosen based on the type of battery. In other words, the reference 
currents and voltages may be selected and used in accordance with the type of battery. 

[0083] Embodiments of the present invention may provide a method and 
apparatus for charging multiple batteries. An under-charged first battery is checked in 
voltage and current during the charging of the multiple batteries in a mobile 
communication terminal. When the checked voltage and current of the first battery 
becomes a reference voltage and current, the charging operation of the first battery is 
temporarily stopped, and charging of the second battery proceeds. When the voltage and 
current of the second battery becomes the reference voltage and current, the charging 
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operation of the second battery is temporarily stopped and charging of the first battery 
again proceeds. Accordingly, voltages and currents of the multiple batteries are checked 
and the charging operations among the multiple batteries are repeatedly performed 
thereby complementarity charging the multiple batteries so that it is possible to shorten 
the charging time. 

[0084] The foregoing embodiments and advantages are merely exemplary and are 
not to be construed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the present invention is 
intended to be illustrative, and not to limit the scope of the claims. Many alternatives, 
modifications, and variations will be apparent to those skilled in the art. 
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